
MR Aug. 1941
L

N?WQNALADVISORY

-?7’-’
COMMITTEE RX? AERONAUTICS

,
ORIGINALLY ISSUED
August1941ae.
ManorandumReport

wINImimL INVESTIGATIONOF A SECTIONOF THE

HORIZONTALTAIL SURFACEFOR THE Bl!U XF-63AIRPIAHE

By MiltonB. Ames,Jr.,andH. PageHoggard,Jr.

SW MeJ-lal Aem=utical laboratory
LangleyField,Va.

... ..,. .

NACA
...

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a secuiity status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L- 573

I



7,.
I

-.

I

I

,

MEMORANDU?d REPORT “
.>-. ...- . .... . .. ..

for”the-’ ‘ ““ “ “

Materiel Division, U. S. Amy Air Corps

WIND-TUNNEL INVESTIGATIGH OF A SF2TION OF THE

H0R120NTAL TAIL 5uRFAcE FOR TH2 RELL XP-63 AIRPL~

By M~lt~.)2113.~e~, Jro,and Ha page ~Iog&?.I”d,J&m

INTRODUCTION i

At the request of the Materiel Division, U. S.

.Army Air Corps, force tests have been conducted on

a model of a section of the ICY-63 horizontal tail

=urface in the )+-by 6-foot closed-throat vertical

wind tunnel of the National Advisory Committee for

Aeronautics. Tne tests were made to determine the

aerodynsx,licsection characteristics of a “modified

low-dra~ airfoil with a 0.26c flap having a

o.zo~cr overheng and a O.~Ocf tab. The model

was tested with several elevator nose shapes and”

with a gap of 0.00Ic at the elevator nose and also

with the gap sealed. Because a conventional con-

trol surface or elevator is comparable to a flap on

an airfoil, these terms are used synonymously in

this report.
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MODEL ANTIAPPARATIk3

The 2-foot chord by !+-foot span model was made

of mahogany and was $urrdshed by the Bell Aircraft

Cor~oration. The model hid an airfoil section

which conformed to the NACA 66,2K-009 profile

ahead of the ~5-perce~t chord station, but had a

modified trailing edge reap of this station. The

ordinatos f’oia the modified section are qiven In

table I. Tho flap had a cilordof 0.26 of the air-

foil chord measured from the flap hinge axis to the

airfoil trailing-edge. The flap overhang ahead of

the hinge axis was 0.305 of the flap chmd and tho

tab chord was 0.40 of the flao chord. Two flap-

nose shapes were originally constructed for the

tests, and these nose shapes are shown in figure 1.

The blunt nose on this drawing will hereafter be

referred to as the Bell blunt nose snd the radial

“ nos~ as the NACA” bl-wntnose. After the preliminary

tests of the NACA and Bell blunt-nose shapes

been completed, a third nose shape, the NACA

noso, (Doe fig. 1) was designed and tested.

had

medium

The tests were made in the NACA !+-by 6-foot

vertical wind tunnel which has a closed test chamber

and return passage.

balance was used to

The regular three-component

measure the lift, drag, and
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pltching moments. The flap hinge moments were..... . .. ..... -,,..- ,..... . . ....
measured by a special hinge-moment balkoe. -. Be- -.

cause the model completely spanned the test chamber,

except for small

dimensional flow

‘ The dynamic

clearances at each end, two-

was approximated.

TESTS “

pressure was maintained constant

throughout the tests at 15 pounds per square i’oot

corresponding to an airspeed of’about 76 miles per

hour at standard sca-level conditions. Tha test

Reynolds number was approximately 1,430,000 and tho

0 effrctive Reynolds numbm of the tests was approxi-

m~t~~y 2,760,000, based on a turbul.~nce factor of

1.93 for the ~- by 6-foot vertical tunnel.

The angle-of-attack range was from the negative

to the posi.tiv~ stall for all flap deflections.

The flap was tostod over a range of deflections

from 0° to 30° in 5° increments with each of the

flap-nose shapes and with the 0.00Ic gap at tho

flap nose. Tests were also made with tho’NACA .

blunt-nose flap with the gap sealed with grease.

The tab tests were made with the NACA blunt-nose

flap and with the t~b and flap gaps sealed with

grease at tab deflections of 0°, ~ 10°, and ~ 15°

for flap deflections of 0°, 10°, 15° and 200..
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Aftcm the coiipleti.onof the regular test program, the

irrogularitles on the surfaces of the model caused

by the flap - tab nose cut-outs wore completely

faired with modeling clay and a test was made with

the flap ~-dtab neutral to dotcmmlno the minimum

drag of the mcdol.

REStlLTS

The results are given in the form of section co-

efficients of lift, drag, pitching momcmts, ud flap

hlng~ moments.

z
%=~ “

d
cd=~

o qc

Cz airfoil section lift coefficient

cd airfoil scc~ion profile-drag coefl’icient
o

cm airfoil section pitching-moment coefficient

about quarter-chord point of airfoil

Ch flap section bingo-morncnt co~fficicnt
f

and

2 airfoil section lift

.
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aiFfoil section profile drag
-.

airfoil section pitching ‘moment about “

quarter-chord point of airfoil

flap section hinge moment

dyndc pressuro lb/sq ft
chord of airfoil with flap and tab neutral
chord of flap with tab neutral

angle of attack for airfoil of infinite

aspect ratio

fl&p dOflQCti”OnWith zGSpdCt tO dI?fOil

tab deflection with r~spGct to flap

Only the values of the lift coefficients have

been oorrccted for tunnel effects. The tunnel

corr~ctlon ror dreg is large but no satlsfcctory

method of &pplying Q

found . In any case

drag type of wing in

correction for dra~ hcs been

the drag results of the low-

a turbulent air strosm are not

bell~ved to be reliable.

The aerodynamic section churccteristics of the

airfoil with the Bell blunt-= and the NACA blunt- and

medium-flap-nose shapes and with the 0.00Ic gap at

the flap noso =C prascnted in figures 2, 3, and 4,
respectively. The aorodynmic section character-

istics sro presented for the sealed-gap condition

of “the NACA blunt-nose flap in ftgure 5.
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The profile drag coefflci.ents for the falred “

model, ati the model with the vmrious flap-nose-shape

and gap vari&tions, aro plotted for flap md tab

neutral in figure 6. With the faired-model condition,.

as & basis, the drag-coefficient increments caused by

flnp deflections me plotted In figure 7 for angles

of attack of ~ 8°, ~4° and OO. While the abscluto

values of tho pro.tile-drag coefficients are uncor-

rected, it is believad that the values of the incre-

ments are frGe from tunnel effects.

The results of the tab tests of the airfoil

with the NACA blunt-nose flap snd with tab ati

flap gaps sealed are presented in figures 8, 9, 10,

and 11 for flup deflections of 0°, 10°, 15°, and

~0°, rospcctlvely,L with tab deflection of 0°,~ 10°,

and t 150 f’o~ each flap deflection.

DISCUSSION

In order that the test program might bc kept

at a minimum to expedite the forwarding of the data,

a very brief cnalysis of the results was made at the

compilation of the flap-nose-shapo tests fcr the

0.00Ic gap condition. The purpose of this analysis

was to determine which flap-nose shapo should be

used for the sealed gap ard tho tab tests. The

v~lues of CZ as affected by flap-rosa shape aro
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plotted against df In figure 12 for angles of

~ttack”-”of=8°, 0°, and 8°. “ The hinge-moment char-

actoristics of the Bell blunt-nose flap, the lTACA “

bluqt-nose flap, and the NACA medium-nose flap,

respectlv61y, sre plotted aSainst a. cnd ~f for

the 0.00Ic gap condition. (ice figs. 13 to 15:)

The nose shapes were

where the increments

chf caused by flllp

also compared in figure 16,

of Cz and the increments of

deflection are plotted for a

high ncgctiv~ angltiof atteck, 0° angle of attack,

and & high positive nngltiof attack. On the basis

of this fi.nalysisit was concludod thct the NACA

blunt-nose flap wcs tha most sctiafactory from a

considcr~~tion or both the lift effoctivoncss and

the b~l~’mc~ Cff~CtiV~nG8S Of tb= flllp. Accordingly,

the sealed-gap

USing Only th6

tests end the tab tests were made

NACA blunt-nose flap. plots of Cz

versus af~ Chf V~rSU8 ao, chf VOrsUS bf for tho

NACA blunt-nose flap with the gap sealed aro

presented in figures 17 and 1.8.

In addition to the drag data presented in

figures 6 and 7, the following table of uncorrected .

minimum profile-drug coefficients is presented.
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Model condition

Model faired

Cwlth Bell blunt-
Model 1nose I’?.tip,0.001c gap

‘with NACA IDodium-Model
t nose flap, O.@Olc g~tp

cd
‘mln

(uncorrected)

0.0082

0.0088

0.0092

0.0092

o.oo~l

By the use of,aercdymunic parameters (reference

1) and the data from tests of a conventional airfoil

with a 0.30c flap (reference 2) the character-

istics of an NACA ~009 sirfoil with a 0.26c;.flap

having a 0.305cf overhang hnve been estimated.

In the following table a brief comparison of the

control-surface chm?acteristics of the modified

low-drag airfoil and the conventional airfoil has

been m&de for the ccndition of’in~inite aswect

ratio.
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Modified NAOA 66,2x-009
~rfoil, 0.26c NACA
blunt-nose flRp, 0.305cf
merhang, sealed gap.

0:094

.052

-955

-.0020

-.0050

-.40

.0010

-.0095

0.22 at 6f = 20°
0.79 at bf = 15°
1.26 Qt 6f = 250

0.0092(uncorrected

-— . ——

Estimated Results
(refs. 1 & 2)

—— ..— .
YACA 0009 Airfoil, 0.26(
lACA blunt-nose flap,
3.305cf overhang,
sealed gap.

0.097

.053

-.55

-.0037

-.0055

-.70

.0010

-.0095

0.28 at 6f = 20°
0.85 at uf = 16°
1.36 at af = 11°

o.oo9i3(urlcorrectd
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